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153
Referring to Figure 1, segments, the X axis points to the right when the segment is not rotated about its other axes.
164
The model has 25 DOF including: a 1-DOF rollover joint between the stance foot and the 
Joint motions

170
The joint DOFs are represented by X-Y-Z sequence Euler angles. Each rotation is performed from an orientation aligned with the reference system, which is the proximal (pr) segment 173 coordinate frame. In this context, the pelvis is the most proximal segment and the lower arms,
174
head and feet are the most distal segments. Therefore, each joint's rotation matrix j R can be 175 calculated from the following expression (Craig, 2004) :
where 178 179
Then, given the rotation matrix Finally, the angular acceleration vector is simply the derivative of the angular velocity vector.
187
Using the above, the corresponding expressions for each type of anatomical joint can be derived 188 and these are given in the appendix. These dedicated expressions increase computational 189 efficiency in comparison to applying the general analysis described above as is necessary in 190 general simulation packages that must cater for any model topology. 
Stance Leg
205
For the stance leg the direction of calculation is from the ground (most distal segment) towards 206 the pelvis (most proximal segment). Therefore, referring to Figure 2, 
Equations of motion
241
Segment forces and moments are defined to be the forces and moments acting on a segment at its 242 proximal joint. Therefore, from Newton's third law, the forces and moments acting at distal As illustrated in Figure 3b , the torso segment has been modelled as a quadralateral segment with 257 corners at the four joints connecting it to the pelvis, head and two arms. The lumbo-sacral joint is 258 the proximal joint, the other joints being distal joints.
259
From Newton's second law: n n n n P F P P F
Pelvis segment
264
As illustrated in Figure 3c , the Pelvis segment has been modelled as a triangular segment with 265 corners at the three joints connecting it to the torso and two legs. 
Note that "st" refers to the stance leg and "sw" refers to the swing leg.
298
For the standard line segments found in the stance leg, the calculation sequence is from proximal 299 segment to distal segment, leading to the following general equation:
Using the above, the corresponding equations for each line segment in the stance leg, and also 302 for the ground, can be derived. 
Moments
Then the stance thigh moment ( st th n ) can be calculated as follows: 
313
For the standard line segments found in the stance leg, the calculation sequence is from proximal 314 segment to distal segment, leading to the following general equations:
Using the above, the corresponding equations for each line segment in the stance leg, and also 317 for the ground, can be derived. 
Calculating the ground reaction forces
330
During double stance, the sum of the ground reaction forces on both feet is calculated by 331 summing Newton's second law for the pelvis and all segments in both legs as follows: verified against an equivalent model, created using a commercial multi-body dynamics package,
387
and the execution times of the two models compared. The fast inverse dynamics model described 388 in this paper led to an eight fold increase in execution speed.
389
The increased computational efficiency is a result of a number of factors including the use of a The joints of this type are foot rollover, knee, and elbow. 
